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(57)  A  method  and  apparatus  for  inducing  a  loss  or 
gain  grating  in  a  saturable  medium,  and  the  application 
of  this  induced  grating  to  provide  optical  signal  process- 
ing  functions  to  a  lightwave  communications  signal.  The 
method  and  apparatus  provides  self-tuning  noise  filter- 
ing  and  self-adjusting  channel  equalization  of  lightwave 
communication  signals  using  a  single-mode  guided 

wave  structure  including  a  saturable  medium,  the 
medium  having  a  first  and  second  end,  a  reflector  at  the 
first  end  of  the  medium,  and  an  input/output  port  at  the 
second  end  of  the  medium  such  that  light  entering  the 
input  port  interferes  with  light  reflected  off  said  reflector 
to  create  an  interference  induced  grating. 
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Description 

FIELD  OF  THE  INVENTION 

5  The  present  invention  relates  to  optical  signal  processing.  More  particularly,  the  present  invention  relates  to  the  use 
of  multiple-beam  optical  interference  to  induce  a  loss  or  gain  grating  in  a  saturable  medium,  and  the  application  of  this 
induced  grating  to  provide  optical  signal  processing  functions  to  a  lightwave  communication  signal. 

BACKGROUND  OF  THE  INVENTION 
10 

In  all  forms  of  lightwave  communications  systems,  noise  from  a  variety  of  causes  can  interfere  with  the  users'  com- 
munications.  Examples  of  corrupting  noise  include  noise  originating  as  part  of  the  transmitted  signal,  noise  created  in 
the  process  of  digital  encoding  and  signal  formatting,  noise  introduced  by  crosstalk  in  couplers  or  reflections  in  optical 
components,  noise  caused  by  the  distortion  of  the  signal  or  creation  of  unwanted  harmonic  products  due  to  nonlinear- 

15  ities  at  the  transmitter  or  receiver,  quantum  or  modal  noise  within  the  optical  source,  and  so  forth. 
The  presence  of  noise  in  lightwave  communications  systems  is  annoying  or  distracting  to  users,  can  adversely 

affect  speech  quality,  can  reduce  the  performance  of  speech  coding  and  speech  recognition  apparatus,  and  in  some 
instances  completely  render  the  optical  information  signal  unintelligible  to  the  system  and  thus  the  user.  As  a  conse- 
quence,  there  exists  a  need  to  filter  such  noise  from  an  optical  information  signal. 

20  Lightwave  communications  systems  involving  optical  amplifiers  have  a  particular  problem  with  amplified  spontane- 
ous  emission  (ASE)  noise.  ASE  noise  arises  in  the  amplification  process.  The  resonant  medium  that  provides  amplifi- 
cation  by  the  process  of  stimulated  emission  also  generates  spontaneous  emission.  The  light  arising  from  spontaneous 
emission  is  independent  of  the  input  to  the  amplifier,  and  represents  a  fundamental  source  of  amplifier  noise.  Whereas 
the  amplified  signal  has  a  specific  frequency,  direction,  and  polarization,  the  ASE  noise  is  broadband,  multidirectional, 

25  and  unpolarized.  As  a  consequence  it  is  possible  to  filter  out  some  of  this  noise  by  following  the  amplifier  with  a  narrow 
bandpass  optical  filter. 

Fixed  optical  filters  such  as  multilayer  dielectric  coatings  can  be  used  to  filter  out  ASE  noise.  Properties  of  such 
fixed  optical  filters  are  discussed,  for  example,  in  a  book  edited  by  Walter  G.  Driscoll  and  William  Vaughn,  titled  Hand- 
book  of  Optics.  Chapter  8,  Mcgraw-Hill,  New  York,  1978. 

30  There  are  many  problems,  however,  associated  with  the  use  of  fixed  optical  filters.  For  example,  fixed  optical  filters 
require  precise  wavelength  matching  of  the  filter  and  the  lightwave  signal.  This  requirement  increases  the  cost  of  the 
filter  and  the  entire  system.  Furthermore,  light  sources  are  susceptible  to  aging,  leading  to  a  mismatch  of  the  lightwave 
signal  to  the  fixed  filter  over  time,  and  necessitating  repair  or  replacement.  Fixed  filters  are  also  sensitive  to  environmen- 
tal  changes.  Consequently,  the  environmental  conditions  surrounding  the  filter  must  be  carefully  controlled  and  moni- 

35  tored.  Environmental  changes  such  as  temperature  fluctuations  can  distort  the  filter  wavelength  thus  requiring  repair  or 
replacement.  In  addition,  if  the  lightwave  communications  system  is  upgraded  and  uses  a  different  or  additional  wave- 
length  for  the  transmission  signal,  the  filter  must  be  replaced  to  match  the  new  wavelength.  For  those  systems  using 
multi-wavelength  signals,  a  filter  is  required  for  each  wavelength,  greatly  increasing  the  initial  and  replacement  costs 
associated  with  each  filter. 

40  Another  type  of  filter  capable  of  filtering  out  ASE  noise  is  a  refractive-index  filter.  Examples  of  refractive-index  filters 
are  discussed  in  "Transient  Bragg  reflection  gratings  in  erbium-doped  fiber  amplifiers,"  by  S.  J.  Frisken,  Optics  Letters. 
Vol.  17,  No.  24,  December  15,  1992,  and  "Nonlinear  wave  mixing  and  induced  gratings  in  erbium-doped  fiber  amplifi- 
ers,"  by  Baruch  Fischer,  Optics  Letters.  Vol.  18,  No.  24,  December  15,  1993. 

Tunable  refractive-index  filters  such  as  those  discussed  in  Frisken  and  Fischer  induce  a  refractive-index  grating  in 
45  a  doped  medium  to  reflect  an  optical  information  signal  to  an  output  port  while  unwanted  noise  is  passed  through  the 

filter  to  be  absorbed  elsewhere.  Refractive-index  filters  split  a  control  wave  using  an  optical  coupler.  These  filters  then 
direct  a  beam  through  each  end  of  a  doped  medium,  such  as  erbium  doped  (Er-doped)  fiber.  Propagating  the  beams 
in  opposite  directions  creates  a  standing  wave,  which  in  turn  induces  a  refractive-index  grating  capable  of  reflecting  cer- 
tain  wavelengths  of  light.  By  carefully  controlling  the  refractive-index  grating,  the  wavelengths  representing  noise  can 

so  be  separated  or  "filtered"  from  the  signal  wave. 
These  filters,  however,  are  problematic.  The  refractive-index  grating  merely  re-routes  the  unwanted  noise  without 

absorbing  it,  so  care  must  be  taken  to  avoid  leakage  of  the  noise  back  into  the  communication  system.  In  addition,  these 
filters  require  the  use  of  both  a  pump  light  source  to  produce  the  gain  in  the  Er-doped  fiber,  and  a  tuning-control  light 
source  to  create  the  standing  wave.  This  increases  the  number  of  required  components  for  filters  of  this  type  and  greatly 

55  increases  their  cost.  Further,  the  wavelength  of  the  tuning-control  source  must  be  precisely  matched  to  that  of  the  sig- 
nal,  requiring  a  wavelength-locking  feedback  loop  control,  adding  even  greater  complexity.  Finally,  adding  a  new  signal 
wavelength  to  increase  capacity  would  require  addition  of  another  tuning  control  source  in  every  filter,  making  such 
upgrades  prohibitively  costly. 
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Moreover,  refractive-index  filters  split  the  wave  from  the  tuning-control  light  source  and  direct  each  beam  through 
both  ends  of  the  doped  medium  to  induce  the  refractive-index  grating.  This  necessitates  additional  optical  components 
such  as  couplers,  loops  and  polarization  controllers.  These  extra  components  not  only  increase  the  cost  of  the  filter,  but 
also  create  instability  of  the  standing  wave  because  of  the  error  introduced  to  the  beams  as  they  pass  through  these 

5  additional  components.  Since  loss  of  coherence  between  the  two  beams  will  destroy  the  signal  output,  this  instability 
severely  limits  the  robustness  of  the  system. 

In  addition  to  noise,  power  control  is  a  critical  issue  in  lightwave  communications  systems.  Systems  using  multiple 
wavelength  channels  can  suffer  severe  penalties  if  the  channel  power  levels  vary  too  widely.  Slight  wavelength  depend- 
ence  of  the  optical  amplifier  gain  can  lead  to  such  imbalances  after  an  amplifier  chain.  Therefore,  automatic  adjustment 

10  of  channel  levels,  known  as  channel  equalization,  must  be  performed  periodically. 
One  method  of  channel  equalization  is  to  separate  the  wavelengths,  measure  the  power  of  each  one,  and  adjust 

the  gain  or  loss  experienced  by  each  channel  before  recombining  them.  Equipment  to  perform  this  channel-by-channel 
adjustment,  however,  is  expensive  and  can  degrade  the  signal-to-noise  ratio  of  the  channels. 

A  twincore  erbium  doped  fiber  amplifier  (TC-EDFA)  with  a  channel  equalization  of  1  decibel  (dB)  is  discussed  in  a 
15  conference  report  titled  "Channel  power  equalizing  WDM  link  incorporating  twincore  erbium  doped  fibre  amplifiers"  by 

Oliver  Graydon  et  al.,  Summaries  of  the  papers  presented  at  the  topical  meeting  Optical  Amplifiers  and  Their  Applica- 
tions.  Monterey,  California,  July  11-13,  1996.  When  multiple  channels  are  launched  into  one  core  of  a  pumped  Er-doped 
twincore  fiber,  the  channel  powers  couple  from  core  to  core  along  the  length  of  the  fiber.  This  beatlength,  however,  is 
wavelength  dependent  and  thus  the  channels  become  periodically  spatially  separated.  This  decoupling  of  the  channels 

20  gives  the  Er-doped  fiber  amplifier  inhomogeneous  saturation  characteristics  and  allows  the  channels  to  saturate  the 
gain  to  some  degree  independently.  As  a  result  weaker  channels  will  receive  more  gain  than  stronger  channels.  This 
intrinsic  equalizing  effect  keeps  the  channels  propagating  with  constant  powers  along  the  TC-EDFA  cascade. 

A  problem  with  the  Graydon  equalizer  is  that  it  requires  the  use  of  dual-core  fiber.  Dual-core  fiber  requires  precisely 
controlled  coupling,  making  the  Graydon  equalizer  difficult  to  manufacture.  Further,  it  is  difficult  to  eliminate  the  unde- 

25  sired  polarization  and  wavelength  dependence  requirements. 
Accordingly,  it  becomes  readily  apparent  there  exists  a  need  for  a  method  and  apparatus  for  implementing  a  self- 

tuning  filter  and  a  self-adjusting  channel  equalizer  that  is  robust  and  solves  the  above-discussed  problems. 

SUMMARY  OF  THE  INVENTION 
30 

The  present  invention  relates  to  a  method  and  apparatus  for  creating  an  interference  induced  grating  in  a  saturable 
medium,  and  the  application  of  this  induced  grating  to  provide  optical  signal  processing  functions  to  a  lightwave  com- 
munications  signal.  Two  embodiments  of  the  present  invention  provide  self-tuning  noise  filtering  and  self-adjusting 
channel  equalization  of  lightwave  communications  signals  which  are  valuable  in  constructing  robust,  flexible,  and  less 

35  expensive  communications  systems. 
The  automatic  noise  filtering  and  channel  equalization  of  lightwave  communications  signals  is  accomplished  by 

inducing  loss  or  gain  gratings,  respectively,  in  a  saturable  absorption  medium.  The  apparatus  discussed  in  detail  below 
incorporates  the  saturable  medium  into  a  single-mode  guided  wave  structure  which  has  a  reflector  at  one  end,  and  an 
input/output  port  at  the  other  end.  Light  entering  the  input/output  port  interferes  with  light  reflected  off  the  reflector  to 

40  create  a  standing  wave  pattern  of  intensity  maxima  and  minima.  This  intensity  standing  wave  induces  a  saturation  grat- 
ing  in  the  saturable  medium  to  provide  the  desired  effects. 

With  respect  to  the  noise  filtering  embodiment  of  the  invention,  a  loss  grating  is  created  having  areas  of  low  and 
high  absorption  along  the  length  of  the  wave  guide  medium.  These  areas  of  low  and  high  absorption  substantially  coin- 
cide  with  the  intensity  maxima  and  minima,  respectively,  of  the  signal  wave.  Therefore,  the  signal  energy  is  concen- 

45  trated  in  low  absorption  areas,  and  the  signal  wave  loses  little  energy  as  it  passes  along  the  doped  medium.  Noise 
waves,  however,  operate  at  different  wavelengths  from  the  signal  wave.  Thus,  it  is  extremely  likely  that  some  noise  wave 
peaks  will  occur  at  regions  of  high  absorption  along  the  length  of  the  medium,  thereby  attenuating  the  noise. 

The  channel  equalization  embodiment  can  be  constructed  using  the  same  apparatus  described  for  the  noise  filter, 
with  the  addition  of  a  source  of  pump  light  and  a  means  for  introducing  the  pump  light  into  the  saturable  medium.  The 

so  wavelength  of  the  pump  light  is  outside  the  signal  band,  and  is  chosen  to  provide  gain  in  the  medium.  As  before,  a 
standing  wave  is  generated  by  the  signal  light,  inducing  a  gain  grating  with  reduced  gain  at  the  intensity  maxima.  The 
degree  of  gain  reduction,  or  saturation,  depends  on  the  intensity  level,  leading  to  a  desirable  automatic  gain  control 
(AGC)  effect. 

The  present  invention  provides  significant  advantages  over  optical  signal  processing  devices  currently  used  for 
55  optical  filtering  and  channel  equalization.  First,  the  present  invention  provides  self-tuning  filters  and  self-adjusting  chan- 

nel  equalizers,  where  previous  filters  and  channel  equalizers  needed  external  tuning  control.  Second,  because  signals 
enter  and  exit  the  doped  medium  by  the  same  port,  the  present  invention  requires  fewer  optical  components.  This 
decreases  system  costs  as  well  as  the  introduction  of  noise  or  error  in  the  signal.  Third,  the  present  invention  is  not  as 
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sensitive  to  environmental  conditions  as  previous  filters  and  channel  equalizers.  Fourth,  the  present  invention  allows 
system  upgrades  without  the  need  to  replace  the  optical  filters  and  channel  equalizers  (and  associated  optical  compo- 
nents).  Fifth,  the  compact  reflector-based  structure  for  generating  the  standing  wave  reduces  instability  and  improves 
robustness.  Sixth,  the  present  invention  is  inherently  polarization-independent.  Seventh,  the  present  invention  can  use 

5  single-core  fiber  or  planar  waveguide  which  are  easier  to  manufacture  than  twin-core  fiber.  Finally,  the  filter  embodiment 
of  the  present  invention  does  not  require  the  addition  of  pump  light  into  the  doped  medium,  and  therefore  requires  fewer 
optical  components.  These  and  other  advantages  of  the  present  invention  solve  many  problems  associated  with  previ- 
ous  optical  signal  processing  devices. 

With  these  and  other  objects,  advantages  and  features  of  the  invention  that  will  become  hereinafter  apparent,  the 
10  nature  of  the  invention  may  be  more  clearly  understood  by  reference  to  the  following  detailed  description  of  the  inven- 

tion,  the  appended  claims  and  to  the  several  drawings  attached  herein. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

15  FIG.  1  is  a  block  diagram  of  a  system  in  which  an  embodiment  of  the  present  invention  may  be  deployed. 
FIG.  2.A  is  an  absorption  versus  wavelength  plotting  for  a  saturable  absorber  used  in  accordance  with  an  embodi- 

ment  of  the  present  invention. 
FIG.  2.B  is  an  absorption  versus  wavelength  plotting  for  spectral  hole-burning  of  a  saturable  absorber  used  in 

accordance  with  an  embodiment  of  the  present  invention. 
20  FIG.  2.C  is  an  absorption  versus  wavelength  plotting  of  a  spectral  hole  typical  of  common  saturable  absorbers. 

FIG.  3  is  a  block  diagram  in  accordance  with  an  embodiment  of  the  present  invention. 
FIG.  4  is  a  light  intensity  versus  position  plotting  of  an  optical  information  signal  and  noise  wave  as  an  example  of 

the  type  of  signal  processed  in  accordance  with  an  embodiment  of  the  present  invention. 
FIG.  5  is  an  absorption  versus  position  along  the  waveguide  plotting  showing  an  example  of  the  type  of  loss  grating 

25  created  in  accordance  with  an  embodiment  of  the  present  invention. 
FIG.  6  is  a  block  diagram  in  accordance  with  an  embodiment  of  the  present  invention. 
FIG.  7  is  a  block  diagram  in  accordance  with  an  embodiment  of  the  present  invention. 
FIG.  8  is  a  light  intensity  versus  position  plotting  when  a  multiwavelength  optical  signal  comprising  two  unequal 

channels  is  present  in  accordance  with  an  embodiment  of  the  present  invention. 
30  FIG.  9  is  a  gain  versus  position  plotting  showing  the  creation  of  a  gain  grating  according  to  an  embodiment  of  the 

present  invention. 

DETAILED  DESCRIPTION 

35  The  invention  will  be  described  in  connection  with  a  lightwave  communications  system.  The  invention  is  essentially 
an  optical  signal  processing  device  and  method  for  creating  a  gain  or  loss  grating  in  a  single-mode  guided  wave  struc- 
ture  having  a  saturable  medium.  Two  possible  embodiments  of  this  device  include  an  optical  filter  and  channel  equal- 
izer.  The  invention  enhances  the  quality  of  a  received  optical  information  signal  and  controls  the  power  levels  of  multiple 
communications  channels. 

40  Referring  now  in  detail  to  the  drawings  wherein  like  parts  are  designated  by  like  reference  numerals  throughout, 
there  is  illustrated  in  FIG.  1  a  block  diagram  of  a  system  in  which  an  embodiment  of  the  present  invention  may  be 
deployed. 

FIG.  1  illustrates  an  exemplary  lightwave  communications  system,  constituting  signal  transmitted  10  entering  opti- 
cal  communications  transmitter  12.  Transmitter  12  has  optical  source  driver  13  that  converts  signal  10  to  a  drive  current 

45  that  intensity  modulates  the  source.  Optical  source  driver  13  generates  the  energy  that  is  coupled  into  transmission 
medium  1  9,  which  is  typically  optical  fiber.  The  energy  propagates  down  transmission  medium  1  9  and  is  attenuated  to 
a  degree.  To  compensate  for  this  attenuation,  the  energy  is  put  into  optical  amplifier  14  which  increases  the  amplitude 
of  an  optical  field  while  maintaining  its  phase.  A  byproduct  of  optical  amplification  of  the  energy  is  the  introduction  of 
ASE  noise. 

so  To  reduce  this  ASE  noise  the  energy  is  passed  through  optical  device  1  5.  Optical  device  1  5  may  also  automatically 
adjust  the  gain  for  each  wavelength  of  a  multi-wavelength  channel.  Although  optical  device  15  is  shown  immediately 
after  optical  amplifier  14,  optical  device  15  can  be  placed  in  receiver  17,  or  anywhere  in  the  system  where  filtering  or 
channel  equalization  is  desired. 

After  passing  through  optical  device  15,  the  energy  is  placed  back  on  transmission  medium  19.  The  energy  exits 
55  transmission  medium  1  9  at  the  other  end  and  is  coupled  into  photodetector  1  6.  The  light  energy  that  is  absorbed  in  pho- 

todetector  16  is  converted  to  a  photocurrent.  This  photocurrent  is  then  amplified  in  receiver  17  and  converted  to  the 
proper  signal  format  for  signal  received  18  at  the  output. 

4 
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SELF-TUNING  FITTER  EMBODIMENT 

One  embodiment  of  the  present  invention  comprises  a  self-tuning  optical  filter  based  on  spatial  hole-burning  in  a 
saturable  optical  medium.  One  example  of  a  saturable  optical  medium  is  Er-doped  fiber.  Optical  filters  are  important  in 

5  amplified  systems,  including  soliton-based  systems,  to  control  the  ASE  noise  which  arises  in  the  amplification  process. 
Since  the  filter  wavelength  must  closely  match  the  signal  wavelength,  both  signal  source  and  filter  must  be  rigidly  con- 
trolled  and  stabilized  when  fixed  filters  are  used.  Much  more  flexible  operation  could  be  achieved  if  the  filter  were  self- 
tuning,  La,  able  to  follow  the  signal  wavelength. 

Such  a  self-tuning  filter  could  be  realized  by  passing  the  signal  light  through  a  saturable  absorber,  if  the  absorption 
10  of  different  wavelengths  were  independent.  The  suppression  of  absorption  at  a  particular  wavelength  is  called  spectral 

hole-burning. 
FIG.  2.  A  is  an  absorption  versus  wavelength  plotting  for  a  saturable  absorber  used  in  accordance  with  an  embodi- 

ment  of  the  present  invention.  FIG.  2.A  depicts  a  saturable  absorber  with  no  signal  or  weak  signal.  As  can  be  seen  by 
the  graph,  absorption  is  high  under  these  circumstances. 

15  FIG.  2.B  is  an  absorption  versus  wavelength  plotting  for  spectral  hole-burning  of  a  saturable  absorber  used  in 
accordance  with  an  embodiment  of  the  present  invention.  When  a  strong  signal  is  passed  through  a  saturable  absorber, 
it  creates  an  area  of  low-absorption  near  the  signal  wavelength,  as  shown  in  FIG.  2.B. 

FIG.  2.C  is  an  absorption  versus  wavelength  plotting  of  a  spectral  hole  typical  of  common  saturable  absorbers.  As 
shown  in  FIG.  2.C,  the  spectral  hole  in  common  saturable  absorbers  is  too  broad  in  wavelength  to  be  of  practical  use. 

20  Accordingly,  the  present  invention  uses  spatial  hole  burning,  which  suppresses  absorption  at  certain  locations  in 
the  absorber,  rather  than  spectral  hole-burning.  The  wavelength  filtering  effect  is  achieved  by  routing  or  concentrating 
different  wavelengths  of  light  to  different  locations  in  the  absorber. 

One  embodiment  of  the  present  invention  uses  a  single-mode  guided-wave  structure,  an  example  of  which  is  a  sin- 
gle-core,  Er-doped  fiber,  with  an  end  reflector  to  create  a  standing  wave  of  intensity  maxima  in  the  fiber.  The  standing 

25  wave  is  created  by  passing  an  optical  signal  through  a  counter-propagating  replica  of  the  signal  within  the  single-mode 
guided-wave  structure.  The  counter-propagating  replica  of  said  signal  is  created  using  the  end  reflector  to  reflect  the 
incoming  optical  signal  back  towards  itself. 

The  Er-doped  fiber  is  unpumped  (or  possibly  underpumped)  so  that  it  produces  loss  rather  than  gain.  The  loss  in 
this  fiber,  however,  can  be  suppressed  by  saturating  it  with  a  strong  signal.  In  the  two-pass  reflection  geometry,  the 

30  strong  signal  magnitude  suppresses  absorption  only  at  fixed  locations.  The  locations  are  separated  by  distance  of  (n) 
times  (w)  divided  by  two,  where  (n)  is  the  refractive  index  and  (w)  is  the  signal  wavelength. 

Since  the  signal  wave  is  concentrated  at  substantially  the  areas  of  low  absorption,  the  signal  suffers  only  slight 
absorption.  Noise  at  another  wavelength  will  be  concentrated  at  a  different  set  of  locations,  some  of  which  will  be  areas 
of  high  absorption.  Thus,  the  broadband  noise  will  be  attenuated  much  more  strongly  than  the  signal,  achieving  the 

35  desired  self-tuning  filtering  effect. 
The  present  invention  can  also  use  saturable  absorbers  other  than  Er-doped  fiber.  In  particular,  the  present  inven- 

tion  can  also  use  optical  waveguides  fabricated  on  planar  substrates,  such  as  glass,  lithium  niobate,  or  semiconductor 
substrates.  Moreover,  the  optical  waves  need  not  necessarily  be  guided.  For  example,  back-reflection  of  plane  waves 
will  produce  a  similar  pattern  of  wavelength  dependent  intensity  maxima. 

40  FIG.  3  is  a  block  diagram  in  accordance  with  an  embodiment  of  the  present  invention.  Input  signal  wave  28  is 
directed  into  input/output  (I/O)  port  20  by  separator  26.  Practical  examples  of  separator  26  include  a  circulator  or  3  dB 
directional  coupler.  I/O  port  20  transfers  input  signal  wave  28  into  a  saturable  absorber.  This  embodiment  of  the  present 
invention  uses  Er-doped  fiber  22.  Input  signal  wave  28  propagates  along  Er-doped  fiber  22  until  reaching  reflector  24. 
Practical  examples  of  reflector  24  include  a  metallic  mirror  or  dichroic  coating.  Reflector  24  reflects  input  signal  wave 

45  28  creating  output  signal  wave  30.  Output  signal  wave  30  propagates  away  from  reflector  24  and  runs  directly  through 
input  signal  wave  28.  Output  signal  wave  30  exits  the  Er-doped  fiber  through  I/O  port  20  by  separator  26. 

When  two  or  more  optical  waves  are  present  simultaneously  in  the  same  region  of  space,  an  interference  pattern 
is  produced,  and  the  total  wavefunction  becomes  the  sum  of  the  individual  wavefunctions.  This  sum  of  individual  wave- 
functions  forms  a  waveform  referred  to  as  a  standing  wave.  The  standing  wave  caused  by  input  signal  wave  28  and  out- 

50  put  signal  wave  30  saturates  the  absorption  of  Er-doped  fiber  22,  creating  a  periodic  array  of  high-absorption  and  low- 
absorption  regions  along  the  length  of  Er-doped  fiber  22,  which  is  referred  to  herein  as  an  interference  induced  grating. 
The  low-absorption  regions  substantially  coincide  with  intensity  maxima  32  (shown  in  FIG.  4)  of  input  signal  wave  28, 
so  there  is  relatively  little  attenuation  of  output  signal  wave  30  as  it  exits  I/O  port  20  by  separator  26. 

FIG.  4  is  a  light  intensity  versus  position  plotting  of  an  optical  information  signal  and  noise  wave  as  an  example  of 
55  the  type  of  signal  processed  in  accordance  with  an  embodiment  of  the  present  invention.  The  position  of  the  optical 

information  signal  and  noise  wave  is  measured  in  terms  of  wavelengths  (A,0)  from  the  reflector  which  is  represented  by 
the  right  axis,  with  the  axis  points  labeled  as  XO/4,  3X0/4  and  5X0/4. 

FIG.  5  is  an  absorption  versus  position  along  the  waveguide  plotting  showing  an  example  of  the  type  of  loss  grating 

5 
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created  in  accordance  with  an  embodiment  of  the  present  invention. 
Together,  FIG.  4  and  FIG.  5  provide  a  more  complete  picture  of  the  optical  signal  processing  of  an  embodiment  of 

the  present  invention.  As  displayed  in  FIGS.  4  and  5,  intensity  maxima  32  substantially  coincides  with  low-absorption 
area  44  of  the  loss  grating.  Similarly,  intensity  minima  34  precisely  coincides  with  high-absorption  area  42  of  the  loss 

5  grating.  As  input  signal  wave  28  passes  along  the  length  of  Er-doped  fiber  22,  intensity  maxima  32  of  input  signal  wave 
28  passes  through  low-absorption  area  44  while  intensity  minima  34  of  input  signal  wave  28  passes  through  high- 
absorption  area  42  of  the  loss  grating.  Therefore,  the  energy  of  output  signal  wave  30  is  relatively  undiminished  as  it 
passes  along  the  length  of  fiber  22  to  I/O  port  20. 

Noise  wave  40,  however,  comprises  a  different  wavelength  than  input  signal  wave  28.  Therefore,  the  intensity 
10  maxima  38  of  noise  wave  40  will  invariably  pass  through  high-absorption  area  42,  thereby  attenuating  the  energy  of 

noise  wave  40.  The  amount  of  noise  reduction  is  discussed  in  the  appendix  attached  hereto,  which  comprises  a  quan- 
titative  theory  of  the  present  noise  filter,  with  numerical  results  for  some  cases  of  interest. 

AUTOMATIC  AND  INDEPENDENT  ADJUSTING  CHANNEL  EQUALIZATION  EMBODIMENT 
15 

FIG.  6  is  a  block  diagram  in  accordance  with  another  embodiment  of  the  present  invention  for  automatically  and 
independently  adjusting  channel  equalization.  Such  channel  equalization  can  be  achieved  in  a  fiber-reflector  pair  simi- 
lar  to  that  shown  in  FIG.  3,  with  the  addition  of  pumping  light  from  light  source  29  into  Er-doped  fiber  22  to  produce  gain 
in  Er-doped  fiber  22.  The  pump  light  is  introduced  into  Er-doped  fiber  22  through  end  reflector  24,  which  can  be  made 

20  of  dichroic  coating.  End  reflector  24  made  of  dichroic  coating  passes  the  pump  wavelength  band  but  reflects  the  signal 
wavelength  band.  Alternatively,  the  pump  light  can  be  introduced  into  Er-doped  fiber  through  I/O  port  20. 

As  with  the  previous  embodiment  discussed  in  reference  to  FIG.  3,  a  standing  wave  is  generated,  inducing  a  gain 
grating  with  gain  saturation  at  the  intensity  maxima  of  input  signal  wave  28.  The  degree  of  gain  saturation  depends  on 
the  field  intensity,  leading  to  a  desirable  AGC  effect.  Because  each  wavelength  channel  has  its  own  set  of  locations  for 

25  intensity  maxima,  there  is  an  independent  AGC  effect  for  each  channel,  leading  to  the  desired  equalization. 
FIG.  7  is  a  block  diagram  in  accordance  with  another  embodiment  of  the  present  invention.  The  embodiment  shown 

in  FIG.  7  is  similar  to  that  shown  in  FIG.  6,  but  inserts  wavelength  division  multiplexer  (WDM)  27  between  separator  26 
and  input/output  port  20  to  introduce  pump  light  into  the  saturable  absorber.  Alternatively,  WDM  27  can  be  placed 
before  separator  26. 

30  FIG.  8  is  a  light  intensity  versus  position  plotting  when  a  multiwavelength  optical  signal  comprising  two  unequal 
channels  is  present  in  accordance  with  a  channel  equalization  embodiment  of  the  present  invention.  The  plotting  shows 
a  stronger  channel  46  of  wavelength  X0  and  a  weaker  channel  56  of  wavelength  X1  .  The  position  of  stronger  channel 
46  and  weaker  channel  56  is  measured  in  terms  of  wavelengths  (X0)  from  the  reflector  which  is  represented  by  the  right 
axis,  with  the  axis  points  labeled  as  XO/4,  3X0/4  and  5X0/4. 

35  FIG.  9  is  a  gain  versus  position  plotting  showing  the  creation  of  a  gain  grating  according  to  a  channel  equalization 
embodiment  of  the  present  invention. 

Together,  FIGS.  8  and  9  illustrate  the  mechanism  of  automatic,  multichannel  gain  equalization  in  an  embodiment  of 
the  present  invention.  The  intensity  maxima  32  of  the  standing  wave  associated  with  the  stronger  channel  46  are  high 
enough  to  cause  saturation  of  the  gain  medium,  resulting  in  the  creation  of  gain  grating  54.  The  gain  minima  48  sub- 

40  stantially  coincide  with  the  intensity  maxima  32,  assuring  that  the  stronger  channel  46  will  experience  reduced  gain, 
compared  to  the  unsaturated  gain  50.  The  intensity  maxima  52  of  the  standing  wave  associated  with  the  weaker  chan- 
nel  56  are  not  strong  enough  to  cause  significant  gain  saturation,  and  they  do  not  generally  coincide  with  gain  minima 
48. 

Therefore,  over  many  periods  of  the  gain  grating,  the  weaker  channel  56  will  experience  higher  gain  than  the 
45  stronger  channel  46,  and  partial  gain  equalization  is  accomplished.  In  a  complete  communication  system,  this  partial 

equalization  may  be  repeated  over  many  stages  to  achieve  the  desired  degree  of  gain  equalization. 

CONCLUSION 

so  Although  several  embodiments  are  specifically  illustrated  and  described  herein,  it  will  be  appreciated  that  modifica- 
tions  and  variations  of  the  present  invention  are  covered  by  the  above  teachings  and  within  the  purview  of  the  appended 
claims  without  departing  from  the  spirit  and  intended  scope  of  the  invention. 

55 
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APPENDIX 

This  Appendix  describes  the  action  of  the  self-tuning  filter  based  on  the  principle  of  induced  loss 
gratings  in  a  saturable  absorber.  In  brief,  an  optical  signal  is  sent  into  a  length  L  of  fiber  containing  a 
saturable  absorber  in  the  core,  reflected  back  on  itself  to  create  a  standing  wave,  then  output  from  the 
same  port  at  which  it  entered.  If  the  standing  wave  is  strong  enough  to  saturate  the  absorption,  a  loss 
grating  will  be  induced  which  will  attenuate  noise  signals  at  other  wavelengths.  The  method  presumes 
that  the  spectral  density  at  the  signal  wavelength  is  much  stranger  than  the  spectral  density  at  the  noise 
wavelengths.  For  simplicity,  consider  the  case  of  a  strong,  single-frequency  pump  wave  and  a  weak, 
single-frequency  probe  wave. 

PART  I  ~  INDUCED  LOSS  GRATING  and  PUMP  ABSORPTION 

The  intensity  of  the  pump  wave  and  the  loss  profile  in  the  fiber  interact,  and  so  they  must  be  computed 
seff-consistentfy.  The  I/O  port  is  assumed  to  be  located  at  x=L  and  the  reflector  is  assumed  to  be 
located  at  x=0.  Consider  first  the  reflected  wave.  Its  arnpitude  is: 

AR(x)-A0-^OO  «i|i  io|t-  ij  +  *JB 

The  constant  Ao  is  the  amplitude  at  x=0,  the  constant  4  is  the  phase  shift  associated  with  the  reflector, 
and  the  function  F(x)  describes  the  reduction  in  intensity  or  power  when  propagating  from  location  0  to 
location  x.  It  should  be  noted  for  future  use  that  this  F(x)  depends  on  the  spatial  frequency  and  phase 
of  the  standing  wave  relative  to  the  toss  grating;  it  is  not  the  same  as  the  loss  experienced  by  a  single 
traveling  wave.  Assuming  that  the  reflector  is  100%  reflective,  the  incident  wave  is  then: 

1 
Al(x)-A0-F(x)  exj p[ia,.(t  +  i)]0 

Then  the  intensity  at  location  x  is  made  up  of  the  incident  and  reflected  waves 
I(x)-(|a,(x)  +  ar(x)|)2o 

I(x)«(|a,(x)|)2  +  (|ar(x)|)2  +  A02  exp[i  (2  «)  i -   +  A02  «cpj-i  ̂ 2  »  i  - 

I (X)"A°2'fe   +  F(X)  *  2  C0*(2'<B  
v  

"  ♦))' 

Note  that  the  intensity  function  is  a  cosine  wave  of  CONSTANT  magnfeuds  and  period  *wb 
superimposed  on  a  DC  background  whldiirweama^fcomttwraijito.  StnaFtymM  decrease 
nmicttnicafly  from  its  value  0̂  
atx-Oand  decreases  from  there. 

In  a  saturable  sJjeorber  characterize 
an  absorption  standng  wave  with  the  same  spafW  frequanoy  an* | l l t ^Mi&^ 

/  x  tt0 a(x)"-j  r-i 

At  any  point,  the  power  absorption  per  unit  length  will  be: 
A(x)-I(x)a(x) 

Assuming  that  l(x)  changes  slowly,  over  many  spatial  periods,  we  can  average  this  loss  over  one  period 
to  eliminate  the  periodic  dependences. 

Aav(x)"  —  

V X  +•  K  — 

a(  x')  l(  x  )  dx' 
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-t-  Ft  \  i  +■  2-  col  2  o  o F(x)  v 

,  
a ^ + f ( x ) + H 2 - « 7 - * ) )  

dx' 

"2-Jt 

2  n  s  Is+  I0+  Ircos(5) 

where  we  have  defined 

£»2  co  —  -  $ 
v 

Continue  to  reduce  integral 

°0 
Aav(x)-—  "Is'  I 

h " A o  [ —   +  F(x)| 
\F(x)  7  

l  -  
I s+I0+Ircos(4)  

I,-2-A0' 

I0+Is  

a0 2*  -  2-0- l 
i  +  rcoi(5) 

Obtain  result  from  Table  of  Integrals,  Series,  and  Products,  LS.  Gradshteyn  and  Ml  Ryzrrik,  Acacternic 
Press,  New  York,  1965,  sec.  2.553  13. 

i 
1  +  rcos(^) 

(f«7<  1;  checked  by  numerical  example) 

Then  we  have: 
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Substituting  in  for  [3  and  y,  we  find: 

aav<x)-a0-ls 

Aav(x)»a0Is- I  -  

'  -  -  

I K ( —   +  F(x)J 
.  \F(x)  7  

t-  1 - 4 K 2  
A0 

The  absorbed  power  will  be  drawn  from  the  incident  and  reflected  waves  according  to  their  relative 
intensities: 

Ai(x) .  
A,v(x) 

Aav(x) A R ( x ) ' 7 ~ r ' A » v ( * )  
1+  IR 

Ar(x)«A1v(x)- F(x)' 
1  +  Hx)  1  +  F(x)- 

But  we  also  know,  by  the  fefkiition  of  F(x),  that  the  loss  from  the  reflected  wave  between  0  and  x  is: 

A02  ( l -   F(x)) 

so  we  have  the  integral  equation  which  detemines  F(x). 

Afj  (  l  -  F(x)) - |   ArCx-XIx' 
Jo 

Tnts  can  be  differentiated  to  yield  the  non-linear  differential  equation: 

—  F(x)«  2-AR(x)o 
dx  A0 
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Try  expanding  in  powers  of  K  for  a  weak  saturation  result 

ARix)*u0-Is  l  -  '  
= =  

&•(—!-+  F(.x)) 

Ft  x  r  

<  i  +  fi  x  r  ) 

AR(x)-a0-Is- F(x)K-  l  +•  F(x)*  +  2- 
(l 

Ik2,  0 ( ^ ) 1  
+  F(x)2)J  J 

As  K  goes  to  0,  this  becomes 

AR(x)-a0  A02  F(x)o 

Then  the  differential  equation  becomes 

—  F(x)»-a0F(x)n 
dx 

which  is  clearly  the  correct  result  when  there  is  no  saturation  of  the  absorption.  In  the  limit  of  large  K 
(strong  saturation  of  absorption),  the  equation  is: 

dx  Ar/  (1  +  F(x)2) 

An  iterative  solution  can  be  achieved  for  arbitrary  K.  Taking  K=5  as  a  specific  example 

ao  :=  1  inrrr1  An  :=  1  actually,  a  dummy  variable 

K  :=  5 

AR(F)  ==  a r A j   1  -  1  = 1 —   - T -  
4K2 

Npoints  :=  22  Nloops  :=  10  x_step  :=  2 
j  :=  0..  Npoints  Xj  :=  x_step-j  +  0  TOL  :=  10"5 

loop  :=  0..  Nloops 

FMj  0  :=  Cxp("a°'X')  ,or  FW 
\  10  /  use  tin  interp  of  table  for  speed 

, f /   .  h   \  1 

I-  1  ' 
.  4 

I 
A02' 

AR(lintcrp(x,FM  loop  ,x'))  dx'  U  FMj  „ l  

dB(r)  :=  I01og(r) lin(dfi)  :=  10v 

10 
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dB(F^4) 

t-M20.  loop 
r.  "  '  T7i 

I.UJJ  Ml 

MJJV1 

_____|  
1__J 

4 
r  

8_ 
10 
12 
14 

_  
18 
20 
22 
24 
26 
28 
JO 
\l 
$4 
J6 
J8 
to 
♦2 
*4 

FH  „ 

O.Slv 
0.67 
0.549 
0.449 
0.368 
0.301 
0.247 
0.202 
0.163 
0.135 
[bHI 
0.091 
0.074 
0.061 
0.05 
0.041 
0.033 
0.027 
0.022 
0.018 
0.01  S 
0.012 

0.322 
0.29 

0.263 
0.24 
0.221 
0.204 
0.19 
0.177 
0.166 

0.14 
0.133 
0.126 
0.121 

.012 

FM. 

i 
0.855 
0.73 
0.625 
0.537 
0.466 
0.408 
0.36 
0.322 
0.29 

0.263 
0.24 

£221 
0.204 
0.19 
0.177 
0.166 
0.157 
0.148 
0.14 
0.133 
0.126 
0.121 
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PART  II.  ABSORPTION  OF  WEAK  PROBE  WAVE 

The  self-consistent  calculation  above  gives  the  intensity  of  the  pump  beam  and  the  degree  of  local 
absorption  along  the  fiber.  Thus  the  absorption  of  a  weak  probe  beam  can  be  calculated.  As  noted 
above,  the  power  absorption  per  unit  length  at  any  point  will  be: 

ApR(x)  =  IpR(x)a(x) 

As  for  the  pump  beam,  the  probe  beam  intensity  has  the  form: 

Ipr(*)-Apr2-f^-j-y  +  Fpr(x)  +  -  *Jj .  

For  convenience,  assume  that  the  velocity  and  the  reflector  phase  are  the  same  fcr  the  two  waves.  The 
local  absorption  is  periodic  with  the  spatial  period  of  the  pump  standing  wave,  so  it  can  be  expressed  as 
a  Fourier  series,  leading  to: 

Lpr(x)",pr(x)'^cm'C0S|2'in"(D"Xj  +  D^sin^-m-w^j 
m 

making  the  usual  assumptions  about  slow  variation  of  all  quantities  relative  to  the  optical  frequency,  it  is 
clear  that  the  integral  over  macroscopic  x  will  be  non-zero  only  if 

Since  the  useful  wavelength  band  is  much  less  than  an  octave,  this  will  not  occur,  and  only  the  DC  terms 
will  contribute  significant  absorption  of  the  probe  wave.  Now 

a(x)« 
l  +  K - ( i + F + 2 c o s ( 2 a , ^ - * j j  

a(x)-  
1  +  Acos(^) 

where 

a0F  2-K-F 
F+  K(l  +  f )  F+  K(l  +  F )  

Then  the  DC  part  of  a(x)  is: 

_  f2-* 

2-n 
1 

1  +  Acos(^) 
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i  nub  ior  me  limit  ot  small  k 
c  0s  "  i"i 

and  for  the  limit  of  large  K 

r  F v.  0-«o 
M  I  -  1-  ) 

reiurning  to  tne  general  rorm  ana  restonng  tne  slow  x  dependence,  we  find  the  probe  absorption  per  unit 
length: 

V(F(x)  +  K(l  +  F(x)2))  -4V-F(x)2 

uonswenng  now  oniy  me  renecteo  wave 

Fnr(x)2 
V - R ( x ) " V x )   ^  

l  +  F^x)2 

Jpr_R  *'"ar. 
] 

apr_R^x^"Apr'1'pr(x,'a0'- *(x) 

/(F(x)  +  K  (l  +  F(x)2))2-  4 1 ^   x)2 

i  nen  normalize  10  tne  prooe  intensity  to  get  an  effective  absorption  coefficient: 

apr_emx>"a<r f(x) 

((FUJ  +  K-O  +  F U j V - ^ - F U ) 2  

-or  companson,  me  equivaieni  quantity  tor  me  pump  wave  is: 

-en  K 
_ . _ £ _  

'  1  +  F* J(K-(»  +  P2)  +  F)2-4-Pl-ir?. 

rinaNy,  integrate  over  a  to  una  tne  loss  or  tne  wnae  niter  in  aeabels: 

/  /  rx  \ \  
idioss(  x  iu-  iogi  expi  - >_efflx  )d* 

ibiossi.  x  j«  iu-  iogi.  expi,  i  )  y  i  - 

iDiossi  x  j«-  iu-  iogi  expi,  i  )  )•  I 

(  F(  x'  )  +  K  (  1  +•  F(  x'  )2)  )2  -  4-K?-F(  x'  )2 
x 

3 



ouuMume  m  me  tarjuiar  rorm  01  t-ix)  mat  was  calculated  above: 

F  I  4  I  -  Imu'rpi  x.  FM  .  c  ) 

dBlosSj  :=  -  I01og(  exp(  1  )  )•  qQ- 
*■  (X-) 

7 
J(F '{x)+  K  (  1  *  F'(x')2))2-  4K2-F,(x-)2 

:dx'  

udiu^  .=  -  iu  iog(  expt  i  ;  y  i  a.Q  ax  o 
Jo 

dB(exp(-l))  =  -4.343 

a0=  1 

insjoss  :=  2  dB(  FM  ) 

rejection  :=  2  (  dB(  FM  ^   )  -  dBloss) 

3 
m  :=  0..  4  LL  :=  6 

12 

.18. 

y  :=  1  TOL  :=  10"8 

in  :-  root(linterp(x,  insjoss,  y)  +  LL^.y) 

xrjLn,  linterp(x,rejectioii,I11l) 
—   1  i  r  '  
.467  1.727 

1.397  4.604 
5.975  7.0% 
L  101-10  8.832 
1.216-10  9.246 

(lBIOSS: 

■  /.B33 

•1.838 

•o-ovy 

MQ7 

.IU4-10| 
-1.14-10 
■1.175-10 
•1.206-10 
1.236-10 
1264-10 

-1.29-10 
1.315  10 

•1338-  10 
•1.361-  10 
-  1.382  10 

"hi  i  r-  —  i o o   J o  
2  -1.363  2.353 
4  -2.731  4317 
6  -4.085  5.762 
8  -5395  6.763 
10  -6.636  7.447 
12  -7.793  7.917 
14  -8.864  8.245 
16  -9.853  8.481 
18  -1.076-10  8.653 
»  -1.161  10  8.782 
a  -1239-10  SJ81 
!4  -131  M0  8.951 
t6  -1379-10  9.02 
»  -1.44210  9.069 
»  -130210  9.11 
12  -1.55110  9.143 
(4  -lill-M  ».171 
16  -1.661  10  9.194 
K  -1.708-10  9.214 
W  -1.754  10  9231 
12  -1.797  10  9245 
14  -1.838  10  9.257 

repealing  me  aoove  calculation  tor  various  values  ot  K,  plots  of  noise  rejection  and  required  filter  length 
an  be  made  as  a  function  of  normalized  input  power,  with  insertion  loss  as  a  parameter. 
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Claims 

1  .  An  apparatus  for  optical  signal  processing,  comprising: 

a  single-mode  guided-wave  structure  including  a  saturable  medium,  said  structure  having  a  first  and  second 
end; 
a  reflector  at  said  first  end  of  said  structure;  and 
an  input/output  port  at  said  second  end  of  said  structure  such  that  light  entering  said  input/output  port  inter- 
feres  with  light  reflected  off  said  reflector  to  create  an  induced  interference  grating. 

2.  The  apparatus  as  defined  in  claim  1  ,  wherein  said  guided-wave  structure  contains  rare  earth  dopants,  or 
wherein  said  saturable  medium  is  a  semiconductor  medium,  or 
wherein  said  guided-wave  structure  is  an  optical  fiber,  or 
wherein  said  guided-wave  structure  is  a  planar  optical  waveguide,  or 
wherein  said  reflector  is  a  metallic  mirror,  or 
wherein  said  reflector  has  a  dielectric  coating,  or 
wherein  said  interference  induced  grating  is  a  loss  grating. 

3.  The  apparatus  as  defined  in  claims  1  or  2,  further  comprising  a  separator  for  separating  said  light  to  and  from  said 
input/output  port. 

4.  The  apparatus  as  defined  in  claim  3,  wherein  said  separator  is  a  directional  coupler,  or 
wherein  said  separator  is  a  circulator. 

5.  The  apparatus  as  defined  in  one  or  more  of  claims  1  -4,  further  comprising  a  source  of  pump  light  and  a  means  for 
introducing  said  pump  light  into  said  saturable  medium  to  create  optical  gain. 

6.  The  apparatus  as  defined  in  claim  5,  wherein  said  interference  induced  grating  is  a  gain  grating,  or 
wherein  said  means  for  introducing  pump  light  is  provided  by  using  a  dichroic  reflector,  or 
wherein  said  means  for  introducing  pump  light  is  provided  by  a  wavelength  division  multiplexer. 

7.  A  self-tuning  optical  filter,  comprising: 

a  single-mode  guided-wave  structure  including  a  saturable  gain  medium,  said  structure  having  a  first  and  sec- 
ond  end; 
a  reflector  at  said  first  end  of  said  structure;  and 
an  input/output  port  at  said  second  end  of  said  structure  such  that  light  entering  said  input/output  port  inter- 
feres  with  light  reflected  off  said  reflector  to  create  a  standing  wave  with  local  intensity  maxima,  wherein  said 
standing  wave  induces  a  loss  grating  with  areas  of  low  absorption  coincident  with  said  intensity  maxima. 

8.  The  self-tuning  optical  filter  defined  in  claim  7,  further  comprising  a  separator  for  separating  said  incoming  optical 
signal  from  said  reflected  signal  at  said  end  of  said  guided-wave  structure,  or 

wherein  said  loss  grating  automatically  adjusts  to  match  the  number  of  optical  wavelength  channels  and  the 
wavelength  of  each  channel  included  in  said  optical  signal. 

9.  The  self-tuning  optical  filter  defined  in  claim  8,  wherein  said  separator  is  a  directional  coupler,  or 
wherein  said  separator  is  a  circulator. 

10.  A  method  for  filtering  noise  from  an  optical  signal  made  up  of  at  least  one  discrete  wavelength  of  light,  comprising 
the  steps  of: 

introducing  an  incoming  optical  signal  into  one  end  of  a  single-mode  guided-wave  structure  having  a  saturable 
absorber;  and 
reflecting  said  incoming  optical  signal  wave  back  onto  itself  to  create  a  standing  wave  with  local  intensity 
maxima,  wherein  said  standing  wave  induces  a  loss  grating  with  areas  of  low  absorption  coincident  with  said 
intensity  maxima. 

11.  The  method  for  filtering  noise  defined  in  claim  10,  further  comprising  the  step  of  separating  said  incoming  optical 
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signal  from  said  reflected  signal  at  said  end  of  said  guided-wave  structure,  or 
wherein  said  loss  grating  automatically  adjusts  to  match  the  number  of  optical  wavelength  channels  and  the 

wavelength  of  each  channel  included  in  said  optical  signal. 

5  1  2.  A  method  for  automatically  adjusting  an  optical  noise  filter  to  match  the  number  of  optical  wavelength  channels  and 
the  wavelength  of  each  channel  in  an  optical  communication  system,  comprising  the  steps  of: 

passing  an  optical  signal  through  a  counter-propagating  replica  of  said  signal  within  a  single-mode  guided- 
wave  structure  to  create  a  standing  wave  pattern  of  intensity  maxima; 

10  inducing  a  loss  grating  in  a  saturable  absorber  within  said  waveguide,  such  that  regions  of  low  loss  coincide 
with  said  intensity  maxima  of  said  standing  wave;  and 
extracting  said  replica  as  the  filtered  output  signal. 

13.  An  automatic  channel  equalizer  for  use  in  a  multi-wavelength  lightwave  communications  system,  comprising: 
15 

a  single-mode  guided-wave  structure  including  a  saturable  gain  medium,  said  structure  having  a  first  and  sec- 
ond  end; 
a  reflector  at  said  first  end  of  said  structure; 
a  light  source  for  pumping  light  into  said  medium  to  produce  gain;  and 

20  an  input/output  port  at  said  second  end  of  said  structure  such  that  light  entering  said  input/output  port  inter- 
feres  with  light  reflected  off  said  reflector  to  create  a  standing  wave  with  local  intensity  maxima,  wherein  said 
standing  wave  induces  a  gain  grating  with  areas  of  reduced  gain  coincident  with  said  intensity  maxima. 

14.  The  automatic  channel  equalizer  defined  in  claim  13,  further  comprising  a  separator  for  separating  said  incoming 
25  optical  signal  from  said  reflected  signal  at  said  end  of  said  guided-wave  structure. 

15.  The  automatic  channel  equalizer  defined  in  claim  14,  wherein  said  separator  is  a  directional  coupler,  or 
wherein  said  separator  is  a  circulator. 

30  1  6.  A  method  for  automatic  gain  control  of  a  multi-wavelength  lightwave  communications  system,  comprising  the  steps 
of: 

introducing  an  incoming  optical  signal  into  one  end  of  a  single-mode  guided-wave  structure  having  a  saturable 
gain  medium; 

35  introducing  additional  pump  light  into  said  medium  to  produce  gain;  and 
reflecting  said  incoming  signal  back  onto  itself  to  create  a  standing  wave  with  local  intensity  maxima,  wherein 
said  standing  wave  induces  a  gain  grating  with  areas  of  reduced  gain  coincident  with  said  intensity  maxima. 

17.  A  method  for  automatic  gain  control  defined  in  claim  16,  further  comprising  the  step  of  separating  said  incoming 
40  optical  signal  from  said  reflected  signal  at  said  end  of  said  guided-wave  structure. 

18.  A  method  for  creating  an  interference  induced  grating  within  a  single-mode  guided-wave  structure,  comprising  the 
steps  of: 

45  introducing  a  saturable  medium  within  the  guided-wave  structure;  and 
causing  the  interaction  of  an  optical  signal  with  a  reflection  of  said  optical  signal  to  create  a  standing  wave  pat- 
tern  of  intensity  maxima  within  said  medium,  thereby  forming  said  interference  induced  grating. 
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